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Abstract
The aim of this study was to compare the player activity profiles of elite international women hockey players pre (2014) were recorded during competitive international matches in 2014 (match n=12) and 2015
(match n=13) using 10Hz GPS units. The practical utility of an effect was only classified as substantial when there was a >75% likelihood that the ±90% CI of the ES was equal to or greater than the small (ES ± 0.2) reference value. Mean match time decreased by over two minutes from 71.72±1.38 to 69.40±4.72mins. There were increases at the team level in relative substitutions (SUB), relative distance (RD), High Speed Running (HSR -3.08-5.27m·s -1 ) and surges (S), with a fall in Low Speed Running (LSR-0-3.05m·s -1 ) between
INTRODUCTION:
In order to develop effective and efficient physical preparation training programs, the coach or sports science practitioner must understand the physical activity profile of competition demands. Once this has been established, a training program encompassing development of the profile capacities can be tailored to the individual needs of each playing position to reflect competition demand. In terms of the physiological and physical activity profiles, hockey is classed as a high intensity, intermittent sport (14, 23, 26 collecting Global-positioning system (GPS) data using a 1Hz system. This study found that the average total distance covered by players across the whole team was 5541±1144m, with an average of 1653m, 3006m and 852m distance covered at low (0-0.6 km·h -1 ), moderate (6.1-15.0 km·h -1 ) and high intensities (15.-29.5 km·h -1 ) respectively. This equated to ~55.5 %, 38.1% and 6.4% of total match time spent at low, moderate and high intensities respectively. GPS technology has been shown to be valid and reliable in analysing team sport activity profiles (4, 5, 11, 18) and has been used to assess match and training demands in hockey (9, 14, 16, 18, 25, 26) . 10Hz GPS systems have been found to be more valid than 1Hz and 5Hz systems for reporting GPS-based metrics (21, 22, 24 Therefore, total available playing time has been reduced from 70 minutes to 60 minutes.
However, further rule changes include where there is a goal or penalty corner awarded, the game clock is stopped and an independent 40-second period to the game clock is given for these events. As an example, if 3 goals have been scored during a single 15-minute quarter, the three 40-second additional periods for each goal, mean than in real-time the quarter will have lasted 17 minutes, even though the game-clock will always read 15 minutes. Such rule changes have the potential to impact the physiological and activity profiles of the competitive demands of international hockey. The introduction of brief recovery periods between quarters could facilitate aerobic recovery and a shorter total game time (or volume of work) could potentially lead to players being able to perform at a higher intensities. The introduction of unlimited substitutions into the sport was hypothesised to bring about a similar phenomenon.
This therefore has the potential to affect how training programs are designed to replicate and prepare athletes for these demands, due to these above factors. Furthermore, the only other study employing GPS technology to describe match demands in women's international field hockey have outlined position-specific differences in player activity profiles (19).
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For example, in this study, forwards were found to have spent significantly more time performing moderate and high-intensity running than defenders and midfielders. Therefore positional comparisons following the 2015 FIH rule change are also warranted in order to provide the practitioner with this data to inform training and match preparation practices.
The aims of the current study are to 1) report contemporary match activity profiles in elite international women's hockey using a 10Hz GPS system data, 2) compare the activity profiles in women's elite hockey pre and post the 2015 FIH rule changes at both the team and position-specific levels, and 3) describe the possible implications for training prescription.
METHODS: Experimental Approach to the Problem
The player activity profiles of elite international women hockey players were recorded using GPS and tri-axial accelerometers during 12 international games in 2014, and 13 international games in 2015. The absolute and relative data was then compared between these two data sets at the team and positional levels. 
GPS equipment
The Catapult Sports OptimEye S5 10Hz GPS system (Catapult Innovations, Melbourne, Australia) was used for all match data collection. The validity and reliability of this system has not been published in a peer-reviewed journal thus far, however these are the next generation GPS units from Catapult Minimax 10Hz GPS units, whose validity and reliability has been verified previously (15, 24) . Each GPS unit was turned on and left idle for 10 minutes pitch-side to allow location of satellites as per manufacturer's recommendations.
Following confirmation of satellite connection, each unit was placed in the manufacturer's specific bib with a neoprene pouch for minimising extraneous unit movement, held approximately between the players' scapulas.
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Players had been wearing the bibs and units routinely for several months before data collection and were fully familiarised with the equipment. GPS data was sampled at 10Hz.
GPS analyses
All GPS data was downloaded using a Catapult Sports multi-unit docking station and was analysed using Catapult Sprint version 5. Relative Distance (RD) is defined as the number of metres ran (distance covered) as a function of time (per minute).
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In order to allow practitioners to evaluate both total volume of distances covered, and the rate at which they are performed, match performance variables are described in absolute terms (for total distances/ efforts) and relative terms (rate of distance covered: m·min -1 ) in the results section.
Environmental Conditions
Environmental temperatures were recorded live at each game using a handheld environmental games (p=0.877, independent t-test).
Statistical Analyses
Descriptive data are presented as mean ± SD. All other variables were log-transformed to reduce bias due to non-uniformity of error and analysed using Cohen's effect size (ES) statistic with ±90% confidence intervals (CI) and percent change to determine the magnitude of any difference displayed, using a customized Microsoft Excel ® spreadsheet (12) . The following magnitude thresholds were used for the standardized differences in means: <0.2 = trivial, <0.6 = small, <1.2 = moderate, <2.0 = large and >2.0 = very large. The percentage likelihood of a difference between groups being positive, trivial or negative was calculated and the qualitative probabilistic terms were assigned using the following scale: <1%, almost
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Copyright ª 2017 National Strength and Conditioning Association certainly not; 1-5%, very unlikely; 5-25%, unlikely; 25-75%, possibly; 75-95%, likely; 95-99%, very likely; >99 %, almost certainly. The practical utility of an effect was only classified as substantial when there was a >75% likelihood that the ±90% CI of the ES was equal to or greater than the small (ES ± 0.2) reference value. Effects with less certainty were classified as trivial, and where the ±90% CI of the ES spanned both small ES boundaries, then the effects were reported as unclear (2, 13).
Results: Absolute Differences
All Players A substantial decrease in match time (MT) and increase in total number of substitutions (SUB) were observed from 2014 to 2015 (Table 1) .
( Table 1 about here)
Forward vs. Defenders
The direction of the positional differences between forwards (FWD) and defenders (DEF) remained unaltered from 2014 to 2015 for those variables categorised as substantial on both occasions ( Table 2 ). The magnitude of the ES between FWD and DEF for total distance (TD) and low speed running (LSR) changed from moderate to small due to a substantial increase in LSR from 2014 to 2015 by FWD (Tables 2 & 3) . The practical utility between FWD and DEF of player load (PL) and surges (S) changed from substantial to trivial and unclear, respectively (Table 1) . These changes occurred due to unclear changes in PL for both positional groups and trivial changes in S for both positional groups (Table 3) .
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Forwards vs. Midfielders
The direction of the positional differences between FWD and midfielders (MID) remained unaltered from 2014 to 2015 for those variables categorised as substantial on both occasions (Table 2 ). The magnitude of the ES for these variables changed from moderate to small due to a substantial increase in SUB by MID, substantial increases in TD and LSR by FWD, trivial decreases in total time (TT) and PL by MID and a trivial increase in S by FWD from 2014 to 2015 (Tables 2 & 3 ). The practical utility of HSR and maximum velocity (MV)
between FWD and MID changed from trivial to substantial due to a trivial increase in HSR by MID and MV by FWD, respectively (Tables 2 & 3) .
Midfielders vs. Defenders
The direction of the positional differences between MID and DEF remained unaltered from 2014 to 2015 for those variables categorised as substantial on both occasions ( Table 2 ). The practical utility of TT and PL between MID and DEF changed from substantial to trivial due to a trivial decrease in TT by DEF and a trivial decrease in PL by MID (Tables 2 & 3) .
Other SUB also changed from 2014 to 2015 for DEF and FWD (ES= -0.52 and 0.52, respectively) but didn't alter any positional comparisons.
( Table 2 about here) (Table 3 about here)
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Relative Differences
All Players
Substantial increases in SUB, RD, HSR and S were observed from 2014 to 2015. A substantial decrease in LSR was also observed (Table 1) .
Forwards vs. Defenders
The direction of the positional differences between FWD and DEF remained unaltered from 2014 to 2015 for all variables on both occasions ( Table 4 ). The magnitude of the ES between FWD and DEF for PL and HSR changed from moderate to small due to a trivial increase in PL and a substantial increase in HSR by DEF from 2014 to 2015 (Table 4 & 5) .
Forwards vs. Midfielders
No substantial positional differences existed between FWD and MID in 2014, except for SUB and LSR (Table 4 ). These differences were not observed in 2015 due to a substantial increase in SUB by MID and substantial decrease in LSR by FWD (Table 4 & 5) .
Midfielders vs. Defenders
The direction of the positional differences between MID and DEF remained unaltered from 2014 to 2015 for all variables on both occasions (Table 3 ). The magnitude of the ES between MID and DEF for PL and LSR changed from moderate to small and vice-versa, respectively, due to a trivial changes by DEF from 2014 to 2015 (Table 4 & ( Table 4 about here)
( Table 5 about here)
Discussion
The current study aimed to 1) report contemporary match activity profiles in elite international women's hockey using a 10Hz GPS system data, 2) compare the activity profiles in women's elite hockey pre and post the 2015 FIH rule changes at both the team and position-specific levels, and 3) describe the possible implications for training prescription.
The major findings of the current study are that the 2015 FIH Rule changes appears to 1) have resulted in an increase in relative distance (RD) across players in each position, 2) have only reduced real-time match length by ~2mins on average. The current data suggest that as a result of the rule changes, matches have become more intense and physical conditioning may require some position and capacity-specific modification of current training methodologies to reflect current match demands.
The results have described match activity profiles in absolute and relative terms. This allows two related but discrete factors in the physical preparation of elite women hockey players to be evaluated. Firstly, absolute terms provide the practitioner with information on the total volume of distance covered in a hockey match, which therefore facilitates the prescription of training around the total aerobic/ anaerobic capacities necessary to perform at this level.
Secondly, the relative data serves to normalise data to playing time, allowing the practitioner
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to accurately prescribe training exercise/ drills on an intensity basis (i.e. m·min -1 ) for a specific amount of time to reflect match demands.
In terms of the physiological and physical activity profiles, hockey is classed as a high intensity, intermittent sport (14, 23, 26) . Currently, there is a lack of contemporary data reflecting the match activity profiles in international women's hockey. To date, there is only one study that has attempted to characterise the playing profiles of international level women hockey players (19). The average total distance (TD) at the team level in Macutkiewicz and Sunderland (19) (5541±1144m), is 13.5% greater than that of the current study in 2014, and 7.2% than in 2015. This may be due to factors such as total playing time, which is heavily related to absolute distance covered during games. The rules during the collection of data in Macutkiewicz and Sunderland (19) were similar to that of 2014 in terms of match length, but different to those of 2015. Other possible factors related to this could be differing individual physiological profiles of the players between two different squads (not described in the previous study), or differences in technology. The current study included GPS sampling rates at 10Hz versus 1Hz employed in (19). 10Hz GPS systems have been found to be more valid than 1Hz and 5Hz systems for reporting GPS-based metrics (21, 22, 24). Overall at the team level, the absolute trends in 2015 were increases in most parameters, although many were trivial. However relativistically speaking in 2015, there were substantial increases in RD, HSR and S at the team level. This suggests that there has been a change in match demands, with a shift towards a more intense activity profile.
At face value, the expected most striking apparent change in the rules would be the match time moving from a two 35 minute per halve continuous match fashion, to a 15 minute fourquarter intermittent fashion. Despite the apparent 10 minute change in total match time, in real-time when stoppages (e.g. 40secs for penalty corners and goals) were included, the actual average difference was actually just over 2 minutes i.e. a 3.4% decrease. substitutions amongst a group of strikers. Therefore the authors concluded that substitution frequency had no effects on improving physical outputs, but rather can offset decrements in outputs. In the current study, only forwards had a substantial increase in both absolute substitution frequency as well as absolute physical output (in terms of TD). Forwards also seen substantial increases in relative measures in RD and surges in 2015. However defenders also experienced a substantial increase in RD and HSR despite no relative changes in substitution frequency, which was actually a substantial decrease in absolute terms.
Midfielders experienced substantial increases in RD, and surges per minute along with substitution frequency changes in 2015. It is therefore unclear between positions, if substitution frequency impacted on the players' physical outputs in absolute and relative terms. Lythe and Kilding (17) also demonstrated significantly better technical outputs in the forwards of whom were more frequently rotated. Therefore, although improvements in match-related outcomes were not found in the physical domain, they can still be achieved by other facets relating to total hockey performance.
When identifying general position-specific differences in activity profiles, the current data suggests that in absolute terms, defenders spend more time on the pitch, cover more total distance, engage in less HSR and achieve lower maximal velocities than both midfielders and The current data suggests that although the total amount of high intensity work has not changed post rule changes, the number of efforts has increased inferring on average a decrease in surge distance. Midfielders however experienced substantial increases in both HSR per minute and no. of surges per minute, which suggest that this positional group will require an all-round improvement in aerobic conditioning to support the greater overall physical demand of the role.
Practical Applications:
The current data is of use to coaches and sports science practitioners to allow a general comparison of a squad to international standards in elite women's hockey. The data is presented in absolute terms, allowing capacity specific development of elite women hockey players, and also in relative terms, allowing practitioners to prescribe conditioning at the appropriate intensities. The data can be then used to refine and optimise current training and conditioning practises to reflect contemporary match demands of specific positions following the FIH 2015 rule changes.
Disclosure of Interest:
The authors report no conflict of interest. 
A C C E P T E D
